I. INTRODUCTION
In human environment, noise is the most physical contaminant agent. Unlike other contaminant agents, the effects of noise may be unnoticed instantaneously and its accumulation can lead to a dangerous harmful effects to human as well as machines. In common use, the word noise means any unwanted sound or signal. Noise dose is given in terms of a value relative to unity or 100% of an "acceptable" amount of noise. Different parameters related to noise dose [1] - [9] are LAeq (Equivalent continuous A-weighted sound level), LAV (Average sound level), LAE (Sound exposure level), TWA (Time weighted average) etc. To calculate the sound pressure level (Lp, in decibels) the formula is used: Lp = 20log (P/P0), Where P is the root mean square (rms) sound pressure and P0 is the reference sound pressure (0.00002 N-m-2).
LAeq (Equivalent continuous A-weighted sound level) is the constant sound level that in a given time period would convey the same sound energy as the actual time varying Aweighted sound level. LAE (Sound exposure level) is defined as that level which is lasting for one second has the Debamalya Banerjee and Bijan Sarkar are with the Department of Production Engineering which is a centre of Advanced Study in Jadavpur University, Kolkata, India. (email:debamalya_banerjee@yahoo.co.uk; bijon_sarkar@email.com) same acoustic energy as a given noise event lasting for a period of time T. LAV (Average sound level) is defined as the total energy averaged over the total time. TWA (Time weighted average) is the noise that is weighted over a certain amount of time such as 8 hours for machine noise. Noise dose readings have been taken for different DC machines such as DC shunt motor, DC generator and AC machines like wound rotor induction motor, squirrel cage induction motor, single phase induction motor and synchronous motor. It is very important to measure noise dose, as well as, different parameters related to noise dose or sound pressure level. The machines which produce noise levels as high as 120 dBA or more violate the rules of National Fire Protection Association guidelines (1993 A.D.) [8] . The legislation describe on OSHA (1992 A.D.) is that, when a human is exposed to 90 dBA for 8 hrs, he has a 100 percent dose. So, 100 percent noise dose is always representing the criterion dose whatever may be the duration of measurement [9] [7] in Multi-criteria Decision making tool, is a Technique for Order Preference by Similarity to Ideal Solution. The principle behind TOPSIS is that the chosen alternative should be as close to the ideal solution as possible and as far from the negative-ideal solution as possible. The ideal solution is formed as a composite of the best performance values exhibited (in the decision matrix) by any alternative for each attribute. The negative-ideal solution is the composite of the worst performance values. Proximity to each of these performance poles is measured in the Euclidean sense (e.g., square root of the sum of the squared distances along each axis in the "attribute space"), with optional weighting of each attribute [5] - [7] .
TOPSIS is very simple and easy to implement. For that it is used when the user prefers a simpler weighting approach. On the other hand, the AHP (Analytical Hierarchy Process) approach provides a decision hierarchy and requires pair wise comparison among criteria. The user needs a more detailed knowledge about the criteria in the decision hierarchy to make informed decisions in using the AHP. TOPSIS method is firstly proposed by Hwang and Yoon [5] . According to this technique, the best alternative would be the one that is nearest to the positive ideal solution and farthest from the negative ideal solution. The positive ideal solution is a solution that maximizes the benefit criteria and minimizes the cost criteria, whereas the negative ideal solution maximizes the cost criteria and minimizes the benefit criteria. In other words, the positive ideal solution is composed of all best values attainable of criteria, whereas the negative ideal solution consists of all worst values attainable of criteria. In this study, TOPSIS method is used for determining the final ranking of the operating systems. TOPSIS is proposed for prioritizing the preference of supplier that is very suitable for solving the group decision making problem in an uncertain environment. Here, S = {S 1 , S 2 ,….., S n } is a discrete set of n possible noise parameters and Q = {Q 1 , Q 2 ,….., Q θ } is a set of θ attributes of fatal effect. W= {W 1 , W 2 ,….., W θ } is the vector of attribute weights so that they must sum to 1, otherwise it is normalized. Here, the attribute ratings of suppliers for the subjective attributes and the attribute weights are considered as linguistic variables.
Noise exposure related parameters like L Aeq (Equivalent continuous A-weighted sound level), L AE (Sound exposure level), L AV (Average sound level) and TWA (Time weighted average level) are measured in a machine laboratory at Asansol Engineering College, Asansol, India, for a time period of two hours in each individual electrical machine having different ratings. Maximum and minimum noise exposures are identified using TOPSIS technique. Step-1:
Arrange different noise parameters which are collected from different electrical machines according to their preferences on attribute weights.
Step-2:
Construct the decision matrix D as Standardize the evaluation matrix in Eq. (2), the process is to transform different scales and units among various criteria into common measurable units to along comparisons across the criteria.
(2) Assume G iY to be of the evaluation matrix D of alternative I under evaluation criterion k, then an element G iY of the normalized evaluation matrix D* can be calculated by Equation (3) .
Step-4: Construct the weighted normalized decision matrix in 
Normalized Decision Matrix, R ij =
Step-5: Construct the Weighted Normalized Decision Matrix V which is found by the following relation (5).
where R is the Normalized Decision Matrix and RP is the relative priority.
Step-6: Calculate the separation of each alternative from the positive ideal solution and negative ideal solutions in equations (7) to (10) respectively. This means that S i + is the distance in Euclidean sense of each alternative from the positive ideal solution and S i -is the distance from the negative ideal solution and those are defined as followings:
where i = 1, 2,…, n. In this V iy is the particular component or parameter value of a machine, G i max is the maximum value for that parameter and G i min is the minimum value for that parameter in weighted normalized decision matrix.
Ideal Solution is determined from Step-5, A + = Maximum weighted normalized value for a particular factor i.e, A + = {V 1 + , V 2 + , V 3 + , V 4 + , V 5 + , V 6 + }
A -= Minimum weighted normalized value for a particular factor i.e.,
The relative closeness to the ideal solution is calculated in Equation (11).
where i= 1, 2,…….., n, and 0 ≤ C i * ≤ 1.
IV. RESULTS AND DISCUSSION
For analysis of the noise exposure from electrical machines, a Machine Laboratory is selected at Asansol Engineering College, Kanyapur, Asansol, West Bengal, India. Six different electrical machines having various ratings are operated for a period of two hours. All noise parameters by Noise Dosimeter instrument are measured. Different electrical machines are set as alternatives (A1 to A6) in row, and different noise parameters as factors (F1 to F6) in column are arranged as shown in where RP (in a row value) = G. M. of a row/ ΣG.M. Now the evaluation matrix is standardized or normalized, i.e., each component or parameter value of a machine is divided by the corresponding SSRT in TABLE II, and it is  presented in TABLE IV for adopting Step-3. The weighted normalized decision matrix is constructed using the relation G iY * = √∑ ( ) as shown in TABLE V for
Step-4 and Step-5. The weighted normalized evaluation matrix is computed by multiplying the normalized evaluation matrix G iY * with its associated weight W Y to get the result V iY = G iY * X W Y . So, the weighted normalized decision matrix * ′ is obtained as shown in TABLE V. The relative closeness to the ideal solution is computed form TABLE VI and it is shown in TABLE VII for Step-7. Closeness coefficients for different electrical machines are graphically plotted in Fig. 1 . From the above TABLE VI and TABLE VII , it is evident that maximum value for closeness co-efficient is 0.9859 (C1) which is a DC Generator and minimum value for closeness co-efficient is 0 (C3) which is a Single Phase Induction Motor. The maximum sound exposure is found from C1, i.e., DC Generator whose rating is 1 kW, 220 V, 1500 rpm, 4.55 Amp, whereas minimum sound exposure is obtained from C3, i.e., Single Phase Induction Motor whose rating is 1.5 H.P (1.119 kW), 220/240 V, 1-Phase, 1425 rpm, 13 Amp. The power rating of other machines is not very much less as compared to DC Generator. From the power rating point of view, the noise exposure from Squirrel Cage Induction Motor which has greater power rating than that of DC Generator, must show more noise exposure, but practically more noise emits from DC Generator (C1), Wound Rotor Induction Motor (C5), and DC Shunt Motor (C6), because of those electrical machines (C1, C5 and C6) encounter some extra power losses in bearing and other associated parts. So, for controlling and minimizing noise exposure, regular preventive and predictive maintenance to the electrical machines are required. Most of the manufacturing industries in West Bengal, where much sound exposure are observed in rolling mills, press shop etc., maintenance work should be done on a regular basis. One can easily investigate by hearing the level of noise sound, that there is a fault appearing in the electrical machine. Further detailed study of fault locations in the electrical machines are carried out by analysis of the frequency of noise emanating sound and study of noise related parameters like Equivalent continuous A-weighted sound level (L Aeq ), Sound exposure level (L AE ) etc. from the respective electrical machine by different techniques, as done in this paper by using TOPSIS technique.
V. CONCLUSION
By carrying out one of the MCDM tools, known as TOPSIS, the ranking of the alternatives has been arranged and C1, i.e., DC Generator; C5, i.e., Wound Rotor Induction Motor; C6, i.e., DC Shunt Motor are found as highest value. So our preference is switched over to DC Generator (C1), Wound Rotor Induction Motor (C5), and DC Shunt Motor (C6) for controlling the noise exposure which is the main cause for producing environmental pollution. From the study it is evident that closeness coefficient of C3 position (Single Phase Induction Motor) is zero. The study is based on relatively few measurements on selective electrical machines and the analysis may be interpreted as representative for various electrical machines universally. The results show that relatively three electrical machines (C1, C5 and C6) out of six electrical machines emitted high maximum noise levels for respective time allotted during testing. It has been suggested that the noise exposure level 85 dB (A) maximum should be the guideline value for environmental noise-induced annoyance. The present study compares the effects of noises emitted from various electrical machines applied with the same equivalent noise levels. While doing the laboratory study on response to noise, the type of activity based annoyance by electrical machine noises are investigated, and also in case of performing, reading and listening. This noise related environmental pollution analysis using TOPSIS technique can be implemented for different mechanical machines also.
